Oxy-tetracycline (OTC) has been recognized as not only a good antibiotic but also environmental contamination resulted from over-dosage and leakage from agricultural activities. Among various alternatives, catalytic ozonation is a promising method because of its simplicity and effectiveness. In this work, magnetic carbon nanoparticles (M-CNPs) synthesized by nebulizing pyrolysis of glycerol and ferrocene has been applied as a catalyst for enhancing ozonation of OTC. Effects of catalyst loading and initial concentration of tetracycline on degradation of oxy-tetracycline have been experimentally examined in comparison with other typical carbonaceous powders which are carbon black and graphite. While the change of OTC concentration were analyzed using high performance liquid chromatography (HPLC) analyzer for examining its characteristics, fresh and spent carbonaceous catalysts were also characterized using electron microscopy, surface area and porosity analyzer, and x-ray diffraction (XRD) analyzer. It was found that M-CNPs could exhibit a superior performance in the removal of OTC by adsorption and catalytic ozonation, resulting a faster completion of OTC removal within 30 min or 2 times faster when compared with the cases of carbon black and graphite powder as well as ozonation alone.
Introduction
In aquaculture, antibiotic usage tends to increase and leads to environmental problem. Among various antibiotics, oxy-tetracycline (OTC) is the most wildly used in agricultural activities for antibiotic application to enhance survival rate of embryo meanwhile it normally decays very slowly in nature due to its complex chemical structure. As a result, there are many research teams have tried to develop efficient technique to remove OTC 1) . Catalytic ozonation is a promising method for the removal of various inorganic and organic pollutants contaminated in water owing to its simplicity and effectiveness 2) 3)
. Carbon nanoparticle (CNP) is one of outstanding carbonaceous materials regarding to its high porosity, hierarchical porous structure and large specific surface area, which are beneficial to the removal of various inorganic and organic pollutants 3) ～ 6) . Based on some previous investigation CNPs can be used to remove several kinds of pollution including heavy metals, organic and inorganic compounds that are in gas, liquid, and solid phase. . Such magnetic property of CNPs would provide not only catalytic activity but also capability to be separated from water by applying magnetic field. As a result, a combination between magnetic separation and catalytic ozonation would provide a great potential interest for novel purification applications.
In this work, pyrolysis of glycerol with ferrocene was employed for synthesizing magnetic carbon nanoparticles (M-CNPs) then an application of M-CNPs as a catalyst for enhancing ozonation of OTC as antibiotic pollutant in water was also experimentally examined. .
In short, for ensuring the complete decomposition of both compounds, temperature at the feeding position was set at 305 °C, which was sufficiently higher than the boiling temperature of glycerol (290 °C). To stimulate the selfassembly reaction of CNPs, temperature in the reaction zone of the reactor was regulated at 800 °C while nitrogen gas with a flow rate of 30 ml/min was introduced for conveying continuously the resultant M-CNPs to the outlet as shown in Fig. 1 . In each repeated experiment the CNP synthesis was carried out for 66 min then the reactor was cooled down to the room temperature before the collection of the resultant products.
Removal of OTC
Ozonation of OTC dissolved in water was conducted in a semi-batch reactor to investigate performance of each carbonaceous material as shown in Fig. 2 . Ozone was generated from oxygen gas using corona-discharge equipment with a regulated concentration of 0.5 g/m 3 confirmed by an ozone meter (UV-O3 monitor 500, Ebara Jitsugyo Co. Ltd.). Ozone with a flow rate of 20 mL/min was introduced through a sintered glass filter to the reactor containing 200 mL of 100 ppm OTC solution. 10 mg of each carbonaceous material, which was M-CNPs, carbon black and graphite powder, could be dispersed in the OTC solution by bubbling due to the gas flow which could ensure complete mixing of carbonaceous material suspension.
Change of OTC concentration could be determined by analyzing liquid sample collected at designated time with HPLC (SPD-20A, Shimadzu Corp.). After terminating the ozonation, M-CNPs were separated from the liquid samples using a permanent magnetic for further characterization.
Results and Discussion

Synthesis of magnetic carbon nanoparticles
Morphology of synthesized CNPs could be confirmed by TEM and SEM micrographs as shown in Fig. 3 (a) and (b), respectively. It could be obviously observed that typical . Xr,0 with a value of 68.0 g -1
suggests that the synthesized CNPs could strongly interact with magnetic field, which would be useful for its separation using magnetic field application. As a result, it is reasonably implied that the synthesized CNPs could exhibit magnetic response or could be recognized as magnetic carbon nanoparticles or M-CNPs. .
Catalytic ozonation of OTC
Meanwhile, investigation on transformation of carbonaceous materials after subject to the ozonation would also be necessary for their reutilization. TEM micrographs depicted in Fig. 7 reveal the surface morphology of each carbonaceous material before and after ozonation. Fig. 7 (a), (c) and (e) represent fresh M-CNPs, carbon-black, and graphite powder, respectively while Fig. 7 (b) , (d) and (f) are spent M-CNPs, carbon-black, and graphite powder, respectively. It should be noted that there is no significant change in surface morphology of M-CNPs, suggesting that they could persist reactive interaction with ozone. Similar result could also be observed in the case of carbon black.
However, comparison of surface morphology of fresh and spent graphite powder reveals distinguishable difference.
Thin and separated layers of graphene sheets could be . For confirmation, analyses of specific surface of carbon black and graphite powder, which would exhibit a decreasing trend caused by damage of their structure due to ozonation, would be further reported in the future.
Finally, confirmation of simplicity in separation of dispersed M-CNPs using an external permanent magnet was also confirmed as illustrated in This result would also confirm that M-CNPs would be a promising material for removal of water pollutants with a simple separation burden.
Conclusions
M-CNPs could be synthesized using co-pyrolysis of glycerol with ferrocene under a designated temperature of 800 °C and glycerol to ferrocene weight ratio of 3:1.
Microscopic analyses confirm that the synthesized M-CNPs possess adsorptive carbonaceous structure with magnetic characteristics due to the presence of Fe nanoparticles.
With the presence of carbonaceous materials and ozone in simulated wastewater containing OTC, both adsorption and oxidation would play an integrating role in OTC removal.
In addition, M-CNPs could exhibit a superior performance in the removal of OTC by adsorption and catalytic ozonation, resulting a faster completion of OTC removal within 30 min or 2 times faster when compared with the cases of carbon black and graphite powder as well as ozonation alone.
